case study. An important point in assessing suitability is the homogeneity of the sequence. Although the buildup of this thick succession used to be described as unvaried and homogeneous, it is in fact composed of four distinct lithological types (Hámos et al., 1999) , which provide an opportunity for cycle analysis on the basis of colour. The colour range is between brown and red. The main problem is the reddish brown-brownish red transition, which is barely recognisable by the naked eye; however, it probably does have a geological meaning. In the case of the Boda Claystone, clay content is the main factor which probably allows the method to work. For instance, the upper part of the formation has a higher clay content than the lower (Máthé, 1999) and colour becomes more reddish up-section. Data on clay content are essential in assessments of homogeneity. The very few greyish-green, reduced intercalations suggest climatic events with more precipitation (as described, for example, from the Middle Permian succession in France; Schneider et al., 2006) and/or the ponding of water.
The formation cannot be dated exactly, which explains why some the "classic" investigations cannot be carried out (Weedon, 2003) . Flora and fauna useful for dating are absent, which is why the time frame of accumulation of cycles/rhythms cannot be determined, leaving only estimates. In view of the dating problem, samples were collected by depth (depth series analysis; compare Priestly, 1981; Schwarzacher, 1975) . In some cases, playa sedimentation was modulated by climate rhythms induced by quasi-periodic changes in the Earth's orbital parameters (e.g., Hofmann et al., 2000; Reinhardt & Ricken, 2000 , Vollmer et al., 2008 .
Geological background
The BCF was deposited in a rifting basin on the southern margin of Europe during the Permian. An intramontane basin developed, with playa lakes and under arid climatic conditions (Varga et al., 2005; Konrád et al., 2010) . Subsidence and basin formation were driven by crustal reorganisation and re-equilibration, following the compressional phases of Variscan orogeny (Vozárová et al., 2009) . The surroundings of the playa basin had a moderate relief, a consequence of long-lived denudation of the crystalline base ment (Konrád et al., 2010) . Correlation with areas forming part of the European platform is hindered by the fact that the controlling processes of the post-orogenic evolution of the Variscan fold-and-thrust belt were very different from those in the foreland basins (McCann et al., 2008) .
Therefore, the impact of tectonics on these areas will be difficult to compare. However, sedimentary features of the BCF indicate the same climate aridification of Pangaea as do other Middle Permian playa sediments that formed in isolated intramontane basins along the Variscan foreland (e.g., Lodève Basin; Schneider et al., 2006) . Today, the formation can be studied in the Mecsek Mountains (southwest Hungary), which are part of the Tisza Unit (Haas & Péró, 2004) . The unit comprises three main units (Konrád, 1999) , as follows: -a lower transitional sandstone, 100-150 m thick, characterised by fine-grained sandstone beds; -a 350-450-m-thick middle albitic claystone/ siltstone with sandstone beds, characterised by cm-to dm-thick micaceous siltstone and finegrained sandstone intercalations; -an upper claystone/albitic clayey siltstone/silty claystone unit, with an overall thickness of 400-500 m, with dolomite and siltstone beds showing desiccation cracks.
The dominant component of the formation is brownish-red (silty) claystone and the most important differences between rock types are linked to the clay and albite content (Varga et al., 2005) .
The present study focuses on the Ib-4 core (approximately 200 m in length; sponsored by PURAM and drilled by Rotaqua Ltd), for which the intricate geophysical logging was carried out by Geo-Log Ltd. A detailed geological description of the BCF in this well was provided by Sebe & Sámson (2006) . The cored part of the formation is dominated by silty claystone and clayey siltstone, the lower 60 m consisting mostly of fine-grained sandstone. The total gamma radiation generally increases upwards in the succession, reflecting a downward increase in grain size. This shows there is a strong correlation between gamma-ray log and lithology (Halász, 2009 ).
Material and methods

Image acquisition
Scanned images of core samples from borehole Ib-4 were our input data. The cores were stored under controlled moisture conditions because of the swelling clay minerals. Thus, the humidity of the cores was equal during the scanning process; otherwise this might have caused colour variation of the cores. Core roughness could also influence the analysis, but according to Darvas et al. (2010) there were no major anomalies during the drill-ing process that could have had an impact on core roughness. Images were prepared using an "ImaGeo" core sample scanner, based on a rotator-and a sensor-system. The rotator turns the core sample around its long axis. During the rotation the sensor maps the outer hull of the core (for a full technical description, see Maros & Pásztor, 2001 ). The spatial resolution of the sensor is approximately 326 dpi in both directions. The output format of the scanner is an uncompressed TIFF image with 24 bits/pixel colour depth. Each TIFF file contains a piece of the core sample (either broken or cut, for technical reasons). The file name includes the start and end values measured in metres from the starting point of the borehole. Each file contains some extra black areas on both sides because of the irregular fracture of samples (Fig. 1) .
In order to do a colour analysis, we first had to determine the minimum colour inhomogeneity that allows us to carry out the investigation in the first place. To express or measure the "minimum inhomogeneity" needed to accomplish a successful colour analysis is quite difficult. Naturally, the minimum inhomogeneity depends of colour diversity of the scanned material, spatial distribution of this diversity (soft, long-range transitions or sharp, abrupt colour changes), rock texture, colour and size of embedded grains, but also of shape and size of the sampling window and the number of "bins" used during data aggregation. Generally speaking, the inhomogeneity is "sufficient" as long as the peaks remain above the significance lines ("white noise" lines) of the Lomb periodogram (90-95%).
Colour analysis
Our first goal was to detect rock changes and cycles that are invisible to the human eye. To address this, we wrote a small ImageJ macro. First, the macro cuts the unnecessary black parts of the image mentioned above, and then splits it into three separate colour channels (R-G-B; 0-255). Finally, the macro cuts the file into 0.1-m-long pieces (based on current dpi). We built histograms with 32 buckets (8 units wide) for each piece in each colour channel. If sample size was not divisable by 0.1 m, calculations were made on the available size and an exclamation mark was added to the last value so as to denote non-equal sampling.
We chose the 0.1-m-sampling size for the following reasons: 1. Sampling size is not arbitrary; if too large an offset would be chosen, meaningful changes in sedimentary rock could not be caught because of too "long" averaging. If too small, greatly fluctuating data would be the result. Following empirical spatial diversity checks of the BCF, this offset value must be between 0.1-0.5 metres. 2. The typical sampling interval in borehole geophysics is between 0.1 and 0.2 metres; thus, by using 0.1 m, visual images of the sample and geophysical values measured in the borehole can be compared seamlessly. Finally, we imported the values into a PAST version 2.17c (Hammer et al., 2001) , and selected the most numerous categories in the colour channels. Based on this selection we used the PAST's Lomb periodogram to estimate the colour-based cycles within the succession. with the arrow on the core pointing downwards. The yellow line is an elastic band which is intended to stabilise the fractured core
In this process we could extract several peaks above the 0.01-and the 0.05-significance levels (white noise lines) from the periodogram. There are no reliable readings below these levels. In our earlier studies (Halmai & Halász, 2011) , we had only a single cycle which was above these levels, in part due to erroneous sample sizes and technique.
The most suitable colour channel is the red one because of the distinctive brownish-red colour of the BCF. Data obtained from the red channel describe the fluctuation of the "main" colour. The green channel yields good results as well. Together, the green and red channels describe the secondary, brown, colour of the core. Red and brown are opposites: if the core becomes redder, it is less brown in colour. The third, blue, channel has poor statistical characteristics. The core has no blue or blue-related components. This channel expresses merely lightening or darkening along the core.
We tried to enhance our research by using texture analysis of the BCF, but on account of the textural similarity of sandstones and dolomitic siltstones and the disturbing effect of embedded albitic grains we had to skip this technique. We also attempted some other or mixed image classification methods (algorithms from remote sensing and GIS), yielding moderate results, as described by Halmai & Halász (2011) .
Natural gamma analysis
Since Th, U and K are generally concentrated in clay, natural gamma radioactivity of a deposit is one of the most reliable clay indicators (Ma- rett, 1978). Application of gamma ray permits the determination of particle size distribution within a succession. Following studies by Szarka et al. (2003) , there is a strong correlation between the natural gamma value and the illite rate in percentage. Therefore it is possible to calculate the illite content by using natural gamma values. As determined by Varga et al. (2006) , the illite/muscovite content in claystones are greater than in albitolites, siltstones and sandstones; this confirms the outcome of the study by Szarka et al. (2003) . The well-known uranium anomaly (Barabás & Barabásné Stuhl, 1998) can affect measurements in the West Mecsek Mountains, and zircon enrichment can also influence natural gamma results (Hurley & Faribau, 1957) . Calibration of clay content and gamma ray signal was performed by Maros et al. (2008, p. 138) for the BCF, showing a "close correlation between K 2 O content and natural gamma". The total gamma radiation generally increases up-section, reflecting a downward increase in grain size. This shows that there is a strong correlation between gamma-ray log and lithology. Geophysical well logs have proved the existence of characteristic cyclic units that had been detected by other methods and documented thicknesses of cycles comprised in them. Where thick homogeneous siltstone and silty claystone formed, the natural gamma is useful for subdivision of sequences. In such sections the natural gamma log shows a spectacular cyclical pattern (Halász, 2012) .
Halász (2012) also recorded cyclicity in clay content within the present formation. Based on natural gamma and resistance values, he defined previously unknown cycles of overall thicknesses between 7 and 12 m. We could apply this to units considered to be homogeneous; thus, natural gamma values can be used in the cycle-stratigraphic analysis of the formation.
Results
Cyclicity based on colour analysis
Our visual examination of the lithology indicated the presence of cyclicity on different scales. Based on the present borehole, we defined cycles and rhythms typical of the formation. As a first step, we examined the entire succession during colour analysis and determined thicknesses of the rhythms. The results are illustrated in Fig. 2 . The units of the lower 'Frequency' axis denote lengths of cycles or rhythms expressed in 1/N metres format, where N is the given value on the axis, e.g., the value of "0.4" has to be interpreted as 1/0.4 = 2.5 m. The left 'Power' axis is in units proportional to the square of the amplitudes of the sinusoids present in the data. The 0.01and 0.05 significance levels are marked as red dashed lines. There are no reliable peaks under these lines.
The thickness of the cycles (based on red channel) varies between 2.62 m and 56.7 m. We selected data from above the significance level only. The sampled core contains the 2.6-m-cycle which corresponds to the centimetre-and metre-scale couplets of dolomite and claystone beds observed in most of the outcrops and cores. The centimetre-scale dolomite beds are arranged into bundles. The 56.70-m-thick cycle deserves special attention. It can be interesting in the case of radioactive waste repository design. By means of cycle stratigraphic studies we were able to augment our knowledge of the homogeneity of the formation, but only vertical tendencies can be characterised at present.
The green and blue values show nearly the same cycles as the red value, yet with lower statistical reliability. Below the significance levels we found two additional rhythms; the 1.3-and 1-m-thick cycle. The first is comparable with natural gamma value, the second corresponds to lithology.
Lithology, colour and natural gamma
The natural gamma values are also suited for statistical and depth series analyses. As shown in Fig. 3 , correlation between natural gamma and colour-based cyclicity calculation is considerably strong (R ≈ −0.481383; N = 2104, significance level is < 0.0001), which suggests that colour could be related to clay content and thus to grain size. Halász (2009) carried out a statistical analysis of cycle thickness based on the traditional lithological description. As shown in Table 1 , values for cycle thicknesses obtained by different methods 
Conclusions
By means of the present studies, we have augmented our knowledge of the homogeneity of the BCF, which is built up of 60-150-m-thick units, which are homogeneous as far as (radioactive waste repository) isolation properties are concerned. When choosing potential host rocks for radioactive waste disposal, the primary criterion is vertical and horizontal homogeneity. In spite of internal inhomogeneities, on a geological scale (or with a view of establishing disposal facilities) the formation can be considered to be vertically homogeneous. However, further studies are needed to evaluate horizontal homogeneity.
Data previously obtained from other methods indicate that colour data can be used as a proxy for clay content and grain size within the BCF. There is a good correlation between colour, natural gamma and lithology. The benefits of using colour analysis are time and costs. Once the core is scanned, the measurement can be done in front of the computer in a couple of hours, depending of core length. Control measurements can be done at any time, with any appropriate software without extra cost. There are several potential applications of our research for the BCF. The colour analysis could be used to complement other tools (e.g., geophysical logs, lithological logs) used in high-resolution stratigraphic correlation. It could also be a fast and cost-effective, pre-evaluation technique prior to analysis using traditional methods.
Results of spectral analyses of all colour, lithology and natural gamma data from core Ib-4 reveal the presence of orderly cycles with thicknesses of roughly 0.64 to 13 metres. Based on cycle wave length ratios, we may suggest that these regular cycles and rhythms reflect perturbations in climate induced by Milanković orbital cycles. Because of a lack of chronostratigraphic dates we could only calculate with the ratio of thicknesses. Following suggestions made by Blatt et al. (1991) , the Milanković orbital cycles ratio appears to be present in our data. Based on that approximately 1/2/4.8 ratio we presume that the 1.4-, 2.6-and 7-m-thick cycles were induced by Milanković orbital cycles.
